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Dominant Negative Variants of Methionine Aminopeptidase 2 (MetAP2) 

and Clinical Uses Thereof 



Sequence Listing 

A paper copy of the sequence listing and a computer readable form of the 
same sequence listing are appended below and herein incorporated by reference. The 
information recorded in computer readable form is identical to the written sequence 
listing, according to 37 C.F.R. 1.821 (f). 



Background of the Invention 



Field of the Invention 

The present invention generally relates to inhibitors of type 2 methionine 
aminopeptidases ( ,, MetAP2 ,, ). More specifically, the invention relates to dominant 
negative variants of MetAP2 and clinical uses thereof, and assays for detecting inhibitors 
of MetAP2 and effectors of MetAP2. 



Description of Related Art 

N'terminal methionine aminopeptidase activity. Eukaryotes initiate translation of 
endogenous cytosolic mRNA with a methionine-bound initiator tRNA (Met-tRNAj Met ). As 
a result, all nascent polypeptides begin with an initiating N-terminal methionine (Met in it). 
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Methionine aminopeptidases ("MetAP", EC 3.4.11.18) are enzymes that cotranslationally 

remove Met ini t from nascent polypeptides when the second residue is small and 

uncharged (e.g., Met-Ala, -Cys, -Gly, -Pro, -Ser, -Thr, -Val) (Tsunasawa, S., Stewart, J. 

W., and Sherman, F. (1985) J Biol Chem 260, 5382-91; Flinta, C, Persson, B., Jornvall, 
5 H., and von Heijne, G. (1986) Eur J Biochem 154, 193-6; Ben-Bassat, A., Bauer, K., 

Chang, S. Y., Myambo, K., Boosman, A., and Chang, S. (1987) J Bacterial 169, 751-7; 

Huang, S., Elliott, R. C, Liu, P. S., Koduri, R. K., Weickmann, J. L., Lee, J. H., Blair, L. 

C, Ghosh-Dastidar, P., Bradshaw, R. A., Bryan, K. M. and others (1987) Biochemistry 

26, 8242-6; Boissel, J. P., Kasper, T. J., and Bunn, H. F. (1988) J Biol Chem 263, 8443- 
10 9; Hirel, P. H., Schmitter, M. J., Dessen, P., Fayat, G., and Blanquet, S. (1989) Proc Natl 

Acad Sci U S A 86, 8247-51; Moerschell, R. P., Hosokawa, Y., Tsunasawa, S., and 

Sherman, F. (1990) J Biol Chem 265, 19638-43). 

Prokaryotes initiate translation with an N-formylated methionine-bound initiator 
tRNA (fMet-tRNA f Uet ) (Adams, J. M. (1968) J Mol Biol 33, 571-89; Housman, D., 
15 Gillespie, D., and Lodish, H. F. (1972) J Mol Biol 65, 163-6; Ball, L. A. and Kaesberg, P. 
(1973) J Mol Biol 79, 531-7). Thus, in the case of prokaryotes, MetAP requires 
deformylation of fMet init before the MeW can be removed (Solbiati, J., Chapman-Smith, 
A., Miller, J. L, Miller, C. G., and Cronan, J. E. Jr (1999) J Mol Biol 290, 607-14). 

Eubacteria possess one type of MetAP (MetAPI) (Ben-Bassat, A., Bauer, K., 
20 Chang, S. Y., Myambo, K., Boosman, A., and Chang, S. (1987) J Bacteriol 169, 751-7; 
Miller, C. G., Strauch, K. L, Kukral, A. M., Miller, J. L., Wingfield, P. T., Mazzei, G. J., 
Werlen, R. C, Graber, P., and Movva, N. R. (1987) Proc Natl Acad Sci U SA 84, 2718- 
22; Nakamura, K., Nakamura, A., Takamatsu, H., Yoshikawa, H., and Yamane, K. (1990) 
J Biochem (Tokyo) 107, 603-7) whereas archaebacteria possess a second type 
25 (MetAP2) (Tsunasawa, S., Izu, Y., Miyagi, M., and Kato, I. (1997) J Biochem (Tokyo) 
122, 843-50). Although structurally similar, MetAPI and MetAP2 differ in substrate 
specificity in vitro (Chang, Y. H., Teichert, U., and Smith, J. A. (1992) J Biol Chem 267, 
8007-11; Li, X. and Chang, Y. H. (1995) Proc Natl Acad Sci U S A 92, 12357-61; Turk, B. 
E., Griffith, E. C, Wolf, S., Biemann, K., Chang, Y. H., and Liu, J. O. (1999) Chem Biol 6, 
30 823-33; Walker, K. W. and Bradshaw, R. A. (1999) J Biol Chem 274, 13403-9) and in 
vivo. Interestingly, eukaryotes possess both MetAPI and MetAP2 (Li and Chang 
{supra); Chang, Y. H., Teichert, U., and Smith, J. A. (92) J Biol Chem 267, 8007-11; 
Arfin, S. M., Kendall, R. L., Hall, L, Weaver, L. H., Stewart, A. E., Matthews, B. W., and 
Bradshaw, R. A. (95) Proc Natl Acad Sci USA92, 7714-8). 
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Unlike bacterial MetAPs, eukaryotic MetAPs have an extended N-terminal region. 
Within this N-terminal region, eukaryotic MetAP2 has a highly charged region, herein 
called a "translation domain", which contains a single polylysine block (yeast MetAP2) (Li 
and Chang supra) or a polyaspartate block flanked by two polylysine blocks (mammalian 
5 MetAP2; p67) (Li and Chang supra] Wu, S., Gupta, S., Chatterjee, N., Hileman, R. E., 
Kinzy, T. G., Denslow, N. D., Merrick, W. C., Chakrabarti, D. ( Osterman, J. C., and 
Gupta, N. K. (1993) J Biol Chem 268, 10796-81). These charged N-terminal domains 
have been proposed to mediate the presumed association of yeast MetAP2 with 
ribosomes or the association of mammalian MetAP2 with eukaryotic initiation factor-2 
10 (elF-2). 

The role of MetAP2 in cell growth and angiogenesis. MetAP activity is essential 
for cellular growth. Deletion of the single MAP gene in E. coli (Chang, S. Y., McGary, E. 
kQ C, and Chang, S. (1989) J Bacteriol 171, 4071-2) and S. typhimurium (Miller, C. G., 

{{] 15 Kukral, A. M., Miller, J. L., and Movva, N. R. (1989) J Bacteriol 171, 5215-7) or of both 
MAP genes (MAPI and MAP2) in yeast (S. cerevisiae) is lethal (Li and Chang supra). 
Furthermore, recent evidence suggests that MetAP2 activity in mammalian vascular 
endothelial cells ("VECs") plays an essential role in blood vessel formation 
(angiogenesis). Two potent angiogenesis inhibitors, TNP-470, which is a synthetic 
W 20 analog of fumagillin, and ovalicin, were found to selectively target and irreversibly inhibit 
K mammalian MetAP2 in proliferating VECs (Griffith, E. C, Su, Z., Turk, B. E., Chen, S., 

fi Chang, Y. H., Wu, Z., Biemann, K., and Liu, J. O. (1997) Chem Biol 4, 461-71; Sin, N., 

Meng, L, Wang, M. Q., Wen, J. J. f Bornmann, W. G., and Crews, C. M. (1997) Proc Natl 
Acad Sci U S A 94, 6099-103). TNP-470 and ovalicin inhibit MetAP2 by covalently 
25 binding to the active site histidine, which corresponds to amino acid position number 231 
("His-231") of human MetAP2 (SEQ ID NO:12) (see Griffith et al., Proc. Natl. Acad. Sci. 
USA 95:15183-15188, 1998). TNP-470 and ovalicin affect angiogenesis by arresting the 
endothelial cell cycle in the G1 phase by causing an increase in the activation of p53, 
which causes a concomitant accumulation of the G1 cyclin-dependent kinase inhibitor 
30 p21 (Zhang et al., Proc. Natl. Acad. Sci. USA 97:6427-6432, 2000). Interestingly, 
ovalicin, TNP-470, fumagillin and analogs thereof have been shown to posses potent 
immunosuppressive activity as well as anti-angiogenic activity (Turk et al, Bioorg. Med. 
Chem. 6:1 163-1 169, 1998), suggesting that MetAP2 activity is necessary for immune cell 
proliferation. 

35 Angiogenesis is the establishment and growth of new blood vessels and is a 

major factor in the pathogenesis of many diseases. Those diseases include rheumatoid 
arthritis, cancer and diabetic retinopathy, among others (Griffith et al., 1998). It well 
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known that angiogenesis is an important and necessary step in tumor growth and 
metastasis (Folkman, N. Engl. J. Med. 285:1182-1186, 1971). In fact, TNP-470 is 
currently undergoing clinical trials for treating various forms of cancer, in combination 
with other chemotherapeutic drugs. Unfortunately, in spite of its promise as a 
5 therapeutic, TNP-470 is limited in its use as a sole anti-angiogenesis therapy due to its 
short half-life in the blood stream and dosage-dependent side effects (see Zhang et a/., 
2000). 

The role of MetAP2 in immune system function. As mentioned above, the 
MetAP2-specific inhibitor, ovalicin, is a potent immunosupressive agent, suggesting an 
10 important role for MetAP2 in immune system-mediated processes. Interestingly, Denton 
and coworkers (Denton et al„ "TNP-470, an anti-angiogenesis agent, is a potent inhibitor 
of human CD4+ T cell proliferation," 18th Annual Scientific Meeting of the American 
■? Society of Transplantation, May, 1999) have demonstrated that a MetAP2 inhibitor 

kQ suppresses human CD4+ T cell proliferation and prolongs allograft survival in a rat model 

^ 15 of chronic cardiac allograft rejection. 

(U The role of inhibitors of MetAP2 in antifungal and antimicrosporidial therapy. 

s 

IH Several lines of data suggest that MetAP2 activity is necessary for the growth of 

ii pathogenic fungi and microsporidia. Microsporidia are intracellular protozoan parasites 

gg that are rapidly emerging as opportunistic pathogens in people suffering from AIDS or 

W 20 other immunocompromising disorders. For example, it is shown that fumagillin and TNP- 
^ . ■ • 

■2 470 are effective against several microsporidial strains in vitro and in an in vivo animal 

j«* model (Coyle ef a/., J. Infect. Dis. 177:515-518, 1998; Didier, Antimicrobial Agents and 

Chemotherapy 41:1541-1546, 1997). Furthermore, inhibitors of MetAP2 have been 

suggested to have specific antifungal properties ( Cardenas et al., "Antifungal activities of 

25 antineoplastic agents: Saccharomyces cerevisiae as a model system to study drug 

action," Clin. MicrobioL Rev. 12:583-611, 1999) and fumagillin has been demonstrated to 

be effective against the pathogenic fungus Nosema (Ketznelson and Jamieson, Science 

150:70-71, 1952). 



30 Summary of the Invention 

An object of the invention is the surprising discovery of variants of methionine 
aminopeptidase 2 ("MetAP2") that have dominant negative activity. In one embodiment, 
the invention is drawn to a polype ptide tha t inhibits the peptidase activity of nat urally 
35 occurring MetAP2. The polypeptide comprises a translation domain or a fragment 
ther^lTl/vfnch contains one or more polybasic stretches of amino acids. Preferred 



translation domains include, but are not limited to the polybasic stretch from human 
MetAP2 (SEQ ID NO:1^riou^ ID NO-IS) 

and yeast METAP2 (SEQ ID NO:3). 

In a preferred embodiment, the variant MetAP2 comprises a full length MetAP2, 
whLclxhas an amino acid substitution at amino acid position His 231 of human (SEQ ID 
( NO:li )j rat (SEQ ID NO: 17) or mouse (SEQ ID NO: 13) MetAP2, or at position His 174 of 
yeast METAP2 (SEQ ID NO:14). In a more preferred embodiment, the histidine is 
substituted with a nonconserved amino acid. In a yet more preferred embodiment, the 
histidine is substituted with an alanine. 

It is also envisioned that polypeptides comprising any translation domain and a 
histidine substitution at a position analogous to the human His 231 residue may function as 
a MetAP2 dominant negative. Given that human and yeast MetAP2 polypeptides are 
46% identical to each other (Figure 1 ), it is therefore further envisioned that a dominant 
negative MetAP2 is at least 46% identical to vari§j^^ 

variant yeast MetAP2 (SEQ ID NO:67sBq7d NO:7, SEQ ID NO: 16, or SEQ ID NO:8, 
respectively). 

In another embodiment, the invention is drawn to a polynucleotide that encodes a 
dominant negative MetAP2 polypeptide, wherein the dominant negative MetAP2 
polypeptide comprises a translation domain or a fragment thereof. In a preferred 
embodiment, the translation domain consists essentially of SEQ ID NO:1, SEQ ID NO:2, 
SEQ ID NO:3 or SEQ ID NO:15. In another preferred embodiment, the polynucleotide 
encodes a polypeptide of SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8 or SEQ ID NO: 16. 
In yet another preferred embodiment, the polynucleotide encodes a polypeptide that is at 
least 46% identical to SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8 or SEQ ID NO:16. A 
more preferred polynucleotide comprises a polynucleotide encoding a variant human 
MetAP2 with an alanine at position 231 ("H231A M ; SEQ ID N^9pa polynucleotide 
encoding a variant mouse MetAP2 with a H231A substitution (SEQ ID NO^To^a 
polynucleotide encoding a variant rat MetAP2 with a H231A substitution (SEQ ID 
NQfl8)^ or a polynucleotide encoding a variant YEAST MetAP2 with a H174A 
substitution (SEQ ID 

The invention is also drawn to a vector that contains a polynucleotide, which 
encodes a dominant negative MetAP2 polypeptide, wherein the dominant negative 
MetAP2 polypeptide comprises a translation domain or a fragment thereof. In a 
preferred embodiment, the polybasic stretch consists of SEQ ID NO:1, SEQ ID NO:2, 
SEQ ID NO: 15 or SEQ ID NO:3. In another preferred embodiment, the polynucleotide of 
the vector encodes a polypeptide of SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO: 16 or SEQ 
ID NO:8. In yet another preferred embodiment, the polynucleotide of the vector encodes 
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a polypeptide that is at least 46% identical to SEQ ID NO:6, SEQ ID NO:7, SEQ ID 
NO: 16 or SEQ ID NO:8. A more preferred vector contains a polynucleotide comprising 
SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11 or SEQ ID NO:18. The vector may beany 
plasmid or viral genome. Preferably the vector is a yeast shuttle vector, which is a 
plasmid that can propagate in bacteria as well as yeast, or an adenovirus, which can 
infect human cells. It is further envisioned that the variant MetAP2 polynucleotide is 
operably linked to a promoter that controls or drives the expression of said variant 
MetAP2. Preferred promoters include regulatable promoters such as for example GAL1, 
which is active in the presence of galactose and repressed in the presence of glucose, 
and constitutive promoters such as GPD, which drives the house-keeping gene 
glyceraldehyde-3-phosphate dehydrogenase, and CMV, which is the cytomegalovirus 
promoter. 

The invention is also drawn to methods of treating diseases that are mediated by 
MetAP2 activity. As discussed above, MetAP2 is involved in cell proliferation, 
particularly endothelial cell proliferation and immune cell proliferation. Furthermore, it 
has been shown that inhibition of MetAP2 leads to an increase in p53 activity in cells. 
Therefore, in another embodiment, the invention is drawn to methods of treating fungal 
infections, cancers (preferably by inhibiting angiogenesis) and other diseases mediated 
by insufficient p53 activity, and diseases mediated by the immune system, such as tissue 
transplant rejections and autoimmune diseases. Treatment methods comprise 
contacting a cell with a dominant negative variant MetAP2 polypeptide, as described 
above, or a polynucleotide that encodes a dominant negative variant of MetAP2. The 
dominant negative MetAP2 may inhibit the peptidase activity of the wild-type MetAP2 
enzyme present in the cell. In a preferred embodiment, the cell is present in a human 
patient suffering from a cancer or an immune system mediated disorder. 

The invention is also drawn to methods of detecting agents that modulate 
MetAP2 activity. Preferably the method involves the use of a yeast based "synthetic 
lethal" screen, wherein the expression of the MetAPI gene may be turned on or off and 
the wildtype copy of MetAP2 is intact. It is envisioned that negative modulators of 
MetAP2 activity may cause the arrest of yeast cell growth under conditions in which 
MetAPI is not expressed, but permit growth of yeast cells under conditions in which 
MetAPI is expressed. It is envisioned that modulators may be compounds that can be 
directly applied to cells or environmental conditions such as temperature and pH. It is 
also envisioned that modulators may be polypeptides or polynucleotides. In a preferred 
embodiment, yeast cells are transformed with polynucleotides, wherein the 
polynucleotides may encode a dominant negative MetAP2 or another polypeptide that 
modulates MetAP2 activity. 



The invention is also drawn to methods of treating a cell with agents that 
modulate MetAP2 activity, wherein the agents are selected according to the yeast 
"synthetic lethal screen" described above. Preferably, the cell is in a subject. More 
preferably, the subject is a human patient suffering from a cancer or immune system- 
mediated disease. 

The invention is also drawn to a method of detecting or identifying polypeptides 
and their encoding polynucleotides that function as downstream effectors of MetAP2. 
The method of detection may be a yeast based "multicopy suppressor-type" screen 
wherein a library of genes on a yeast multicopy plasmid, such as a yeast 2 micron 
plasmid, is transformed into a yeast strain that harbors an active MAP2 gene (which 
encodes MetAP2), a dominant negative MetAP2 gene, and a non-functional mapl gene 
(the wild-type allele of which encodes MetAPI). It is envisioned that a polynucleotide 
that encodes a downstream effector of MetAP2 would suppress the dominant negative 
effect of the dominant negative MetAP2 and allow the yeast cell to proliferate at a greater 
rate. In a preferred embodiment, the library of genes comprises human polynucleotides. 

Brief Description of Drawings 

Figure 1 depicts an alignment of human (SEQ ID NO: 12), rat (SEQ ID NO: 17), 
mouse (SEQ ID NO: 13) and yeast (SEQ ID NO:14) MetAP2 polypeptides. The 
alignment was performed using the ClustalW program. 

Figure 2 depicts a histogram that demonstrates that H174A-MetAP2 is a 
dysfunctional catalyst. N-terminal HA-tagged wild-type MetAP2 and MetAP2 (H174A) 
were immmunopurified from a maplA strain with mouse anti-hemagglutinin epitope 
(YPYDVPDYA) (SEQ ID NO:23) monoclonal antibodies. Approximately 2 ^ig of purified 
wild-type MetAP2 (WT) and MetAP2 (H174A) was separated on a 10% SDS-PAGE gel 
and visualized with coomassie blue staining. Specific activity for the wild-type MetAP2 
was 11 ± 0.5 U / mg. 

Figure 3 demonstrates that the overexpression of H174A-MetAP2 under GAL1 
inhibits the growth of maplA. A haploid yeast maplA strain was transformed to leucine 
prototrophy with p425GAL1 I MAP2 wild-type (WT), p425GAL1 I map2 (H174A), or 
p425GAL7 vector alone (V). Each strain was grown to mid-logarithmic phase at 30°C in 
minimal synthetic raffinose medium lacking leucine. Approximately 2 x 10 5 cells (ABS 60 o) 
were then streaked onto minimal synthetic plates lacking leucine and supplemented with 
(A) glucose or (B) galactose. Plates were incubated for 4 days at 30°C. 
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Figure 4 depicts the growth rate of yeast cells harboring various vectors and 
MetAP2 constructs as determined by a change in optical density. 

Figure 5 demonstrates that MetAP2 (H174A) requires N-terminal residues 2-57 
(which comprises a "translation domain") or inhibition of maplA growth under the GAL1 
promoter. A haploid yeast maplA strain was transformed to leucine prototrophy with 
P425GAL1 I MAP2 wild-type (WT), p425GAL1 I map2 (H174A), p425GAL1 I map2 (A2- 
57 / H174A) or p425Gv4Z_? vector alone (V). Each strain was grown to mid-logarithmic 
phase at 30°C in minimal synthetic raffinose medium lacking leucine. Approximately 2 x 
10 5 cells (ABSeoo) were then streaked onto minimal synthetic plates lacking leucine 
supplemented with (A) glucose or (B) galactose and incubated for 4 days at 30°C. 

Figure 6 depicts a western blot that demonstrates that the steady state levels of 
each MetAP2 construct under control of the GAL1 promoter are comparable in maplA. 
Each strain was grown to ABS 6 oo ~ 1.0 (25 ml_ SG/Leu') and a crude extract was 
obtained. Approximately 1.2 |j.g of total protein from maplA expressing wild-type HA- 
MetAP2 (WT), vector only (V), HA-MetAP2 (H174A), or MetAP2 (A2-57 / H174A) was 
loaded into each lane. Proteins were visualized by western blot using primary rabbit 
anti-MetAP2 polyclonal antibodies and secondary goat anti-rabbit polyclonal HRP- 
conjugated anti-bodies. Endogenous wild-type MetAP2 is labeled "MetAP2". 

Figure 7 demonstrates that overexpression of MetAP2 (H174A) under the GPD 
promoter does not affect the growth of map2A. A haploid yeast map2A strain was 
transformed to leucine prototrophy with p425GPD / MAP2 wild-type, p425GPD / map2 
(H174A), or p425GPD vector alone. Each strain was grown to mid-logarithmic phase at 
30°C in minimal synthetic glucose medium lacking leucine. Approximately 2 x 10 5 cells 
(ABSeoo) were then streaked onto minimal synthetic glucose plates lacking leucine and 
incubated for 4 days at 30°C. 

Figure 8 depicts the pcDNA3.1 vector containing either the sense human MetAP2 
(hMAP2) cDNA or the anti-sense hMAP2 cDNA. 

Figure 9 depicts the AdBN vector (adenovirus transfer vector) that contains 
hMAP2 cDNA in either the sense or the anti-sense orientation. 

Figure 10 depicts the relative proliferation rate of endothelial cells. Human 
umbilical vascular endothelial ("HUVE") cells were infected with recombinant adenovirus 
that harbors the coding sequence of wild-type hMAP2 cDNA (■), dominant negative 
variant hMAP2(A), or no hMAP2 (♦) at different multiplicities of infection ("MOI"). 
Proliferation assays were carried out according to manufacturer's procedures (Cell 
counting kit-8, Dojindo Molecular Technologies, Inc., MD). Mean values are shown with 
SD < 15% (n=3). 



Figure 1 1 depicts an immunoblot analysis of hMetAP2 expression in the infected 
HUVE cells. Five (5) ^ig of total protein obtained from HUVE cells infected with 
recombinant adenovirus AdBN, AdhMAP2(wt), or AdhMAP2(H231A) at MOI = 4 was 
loaded onto each lane of two 10% SDS PAGE, respectively. Lane a of panels A and B 
represents AbBN (empty adenovirus vector), lane b represents AdhMAP2 (wt) and lane c 
represents AdhMAP2(H231A). One gel was used for inmmunoblot analysis (A) by 
transferring the separated proteins onto a nitrocellulose membrane, blotted with anti-HA 
monoclonal antibodies, followed by incubation with anti-mouse IgG-horse-radish 
peroxidase conjugate, and the signal was detected by enhanced chemiluminescence 
(Amersham). The second gel (B) was stained with SYPRO Ruby protein stains according 
to the manufacturer's procedures (BIO-RAD). Kaleidoscope polypeptide standards from 
BIO-RAD were used as molecular weight markers. 

Detailed Description of the Invention 

Unless defined otherwise, all technical and scientific terms used herein have the 
same meaning as commonly understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods or materials similar or equivalent to those 
described herein can be used in the practice or testing of the present invention, the 
preferred methods and materials are described. For the purposes of the present 
invention, the following terms are defined below. 

As used herein, the term "translation domain" or "polylysine block" means a 
peptide domain that mediates the association of any molecule to a ribosome, translation 
initiation factor or any component of the translational machinery of a cell. Preferably, the 
translation domain comprises a contiguous stretch of at least three (3) lysine residues. 
More preferably, the translation domain comprises or consists of the polybasic N- 
terminal domain of human, rat, mouse or yeast MetAP2 (SEQ ID NO:1, SEQ ID NO: 15, 
SEQ ID NO:2 or SEQ ID NO:3, respectively). More preferably, the translation domain 
mediates binding to ribosomes or eukaryotic initiation factor 2 ("elF2"). 

As used herein, the term "aminopeptidase domain" or "catalytic domain" refers to 
any C-terminal portion of a MetAP2 polypeptide that does not overlap with the translation 
domain. The aminopeptidase domain may or may not contain aminopeptidase activity. 
For example, the aminopeptidase domain of human MetAP2 may span amino acid 
residues 107 to 478 of SEQ ID NO: 12, or any fragment thereof. It is understood that an 
aminopeptidase domain may be any peptide fragment that does not overlap with a 
polylysine block, as herein defined, derived from any MetAP2 polypeptide. 
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The term "native MetAP2 activity" refers to any of the following methionine 
aminopeptidase activities, which are the cotranslational cleavage of the initiator 
methionine from nascent polypeptides, promotion of cell proliferation, inhibition of p53 
activity, and binding to ribosomes, elF2 or any component of the translational machinery 
5 of the cell. 

As used herein , the term "dominant negative MetAP2 activity" or "dominant 
negative activity" "refers to the inhibition, negation, or diminution of certain particular 
activities of type 2 methionine aminopeptidase (EC 3.4.1 1.18). These particular activities 
of type 2 methionine aminopeptidase include the cleavage of the N-terminal most 
10 me JJ]j2I3i^^ nascent peptides, the pro motion of cell proliferation, 

angiogenesis and immune system" function, and the inhibition of_ p53 activity. 
Importantly, these particular activities do not include the regulation of protein synthesis, 
i.e., binding to ribosomes and binding to elF2. It is envisioned that upon administering a 
polypeptide comprising dominant negative MetAP2 activity to a subject or a cell, the 
15 naturally occurring MetAP2 activity within that subject or cell is reduced by any amount 
relative to a control cell that expresses MetAP2. Preferably, the naturally occurring 
MetAP2 activity is reduced by at least 30%, more preferably by at least 60%, most 
preferably by 100%. 

As used herein, the term "peptide", "polypeptide" or "protein" means a polymer of 

20 at least four (4) amino acids linked together via peptide bonds. Said peptide, polypeptide 
or protein may be covalently modified, wherein the modifications may be any of the art 
recognized posttranslational modifications, which include for example, methylation, 
myristoylation, palmitylation, geranylgeranylation or any other lipidation, O-linked 
glycosylation, N-linked glycosylation or any other glycosylation, 

25 glycosylphosphatidylinositol ("GPI") linkage, hydroxylation, phophorylation, polyethylene 
glycol linkage ("pegylation"), linkage to an albumin molecule ("albumination"), acetylation 
and ubiquination, among other modifications. 

As used herein, the term "polynucleotide" or "nucleic acid" refers to a polymer of 
four (4) or more nucleotides joined together by phosphodiester bonds. A "nucleotide" is 

30 any molecule composed of a nitrogen base, a sugar, and a phosphate group, wherein 
the sugar is preferably a ribose, deoxyribose or dideoxyribose. The polynucleotide may 
be single stranded or double stranded molecule. Furthermore, it is to be understood that 
the use of the term polynucleotide in reference to the encoding of a peptide implies also 
the non-coding complementary (Crick) strand as well as the coding (Watson) strand. 

35 As used herein, the term "vector" refers to a plasmid, artificial chromosome or 

virus chromosome used to carry a cloned polynucleotide. Preferred vectors are yeast 
shuttle vectors, which are plasmids that can be propagated in both yeast and bacteria, 
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adenovectors and baculovirus vectors. Other preferred vectors are gene therapy 
vectors, including adenovirus. 

As used herein, the term "conserved substitution" refers to the interchangeability 
of amino acid residues having similar side chains. Conservatively substituted amino 
acids can be grouped according to the chemical properties of their side chains. For 
example, one grouping of amino acids includes those amino acids that have neutral and 
hydrophobic side chains (A, V, L, I, P, W, F, and M); another grouping is those amino 
acids having neutral and polar side chains (G, S, T, Y, C, N, and Q); another grouping is 
those amino acids having basic side chains (K, R, and H); another grouping is those 
amino acids having acidic side chains (D and E); another grouping is those amino acids 
having aliphatic side chains (G, A, V, L, and I); another grouping is those amino acids 
having aliphatic-hydroxyl side chains (S and T); another grouping is those amino acids 
having amine-containing side chains (N, Q, K, R, and H); another grouping is those 
amino acids having aromatic side chains (F, Y, and W); and another grouping is those 
amino acids having sulfur-containing side chains (C and M). Preferred conservative 
amino acid substitutions groups are: R-K; E-D, Y-F, L-M; V-l, and Q-H. 

As used herein, the term "nonconserved" refers to those amino acids, which are 
not grouped together as conserved substitutions. 

As used herein, the term "agent that modulates MetAP2 activity" refers to any 
and all polynucleotide, polypeptide molecular compound, molecule, drug, perspective 
drug, ion, atom or environmental condition that affects in any way the activity of MetAP2. 
Modulators of MetAP2 activity may completely inhibit, decrease, or increase native 
MetAP2 activity. Preferably, modulators of MetAP2 activity decrease native MetAP2 
activity by at least 30%, more preferably by at least 60%, most preferably by 100%. 
Preferably, modulators of MetAP2 activity negatively affect cell proliferation. 

As used herein, the phrase "diseases mediated by immune system function" or 
"immunologic diseases" refers to any disease that is affected by the proliferation of 
immune cells, preferably CD4+ T-cells. Examples of such diseases include at least 
allograft rejection, which further includes organ transplant rejection, and autoimmune 
disorders, which further include systemic lupus erythematosus, insulin-dependent 
diabetes mellitus, rheumatoid arthritis, pemphigus vulgaris, chronic active hepatitis, 
Sjogren's syndrome, celiac disease, ankylosing spondylitis, delayed type 
hypersensitivity, glomerulonephritis, polyarteritis nodosa, multiple sclerosis, hemolytic 
anemia, thrombocytopenic purpura, bullous pemphigoid, myasthenia gravis, Grave's 
disease, pernicious anemia, insulin-resistant diabetes, rheumatic heart disease, allergic 
neuritis, allergic encephalomyelitis and autoimmune. 
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As used herein, the term "effector(s) of MetAP2 function" refers to any and all 
polypeptides and their encoding polynucleotides that function downstream of MetAP2, 
especially in the promotion of cell proliferation or progression through the G1 phase of 
the cell cycle. Preferably, the effector is epistatic in function to any inhibitor of MetAP2 or 
5 to a loss of MetAP2 function, wherein epistatic means that the effector can restore a 
MetAP2 activity in the absence of a functional MetAP2 molecule or in the presence of an 
inhibitor of MetAP2 activity. For example, a molecule which inhibits p53 activity may be 
an effector of MetAP2 function. 

As used herein, the term "promoter" or "expression regulatory element" refers to 
10 a polynucleotide element, which acts as the binding site for RNA polymerase and other 
transcription activators and is located at or near to the 5* end of a gene. A gene that is 
"operably linked to a promoter" or "operably linked to an expression regulatory element" 
^ is linked in cis to a promoter and its expression is regulated by that promoter. According 

m 

H Q to the invention, promoters may be constitutive, which refers to promoters that are active 

*P 15 under most cellular contexts, or regulatable, which refers to promoters that are either 
active under specific environmental conditions or active in only specific cell types. 
Examples of constitutive promoters include CMV, which is active in most mammalian cell 
v types, and GPD, which is active in yeast. Examples of regulatable promoters include 

fc? tissue-specific promoters, such as "endothelial cell-specific promoters", which include 

w 

li! 20 tumor endothelial marker 1 ("TEM1")/endosialin, fetal liver kinase-1 ("Flk-1"), fms-like 
■«f tyrosine kinase ("Flt-1"), intercellular adhesion molecule-2 ("I CAM -2"), thrombomodulin 

f*& and von Willebrand factor ("vWF"); "immune cell-specific promoters", which include, for 

example, CD4, TCR-a, TCR-0, CDR2 or CDR3; and inducible /repressible promoters, 
such as GAL1, which is active in the presence of galactose and inactive in the presence 
25 of glucose. 



L 

|.-JL 



Embodiments of the Invention: Theoretical and Experimental Overview 

Methionine aminopeptidase type 2 (MetAP2, EC 3.4.11.18) cotranslationally 
30 removes N-terminal methionine from nascent polypeptides when the second residue is 
small and uncharged. MetAP2 consists of two domains: a conserved C-terminal 
catalytic domain, i.e., the "aminopeptidase domain", and an N-terminal polylysine domain 
predicted to mediate ribosome or elF2 association, i.e., the "translation domain". 
According to the present invention, a dominant negative mutant of MetAP2 has been 
35 generated which is catalytically inactive against a peptide substrate. In a preferred 
embodiment, the conserved histidine of the catalytic domain [histidine 231 ("His 231 ") of 
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human (SEQ ID NO:12), mouse (SEQ ID NO:13) or rat (SEQ ID NO:17) MetAP2 , or 
histidine 174 ("His 174 ") of yeast MetAP2 (SEQ ID NO:14)] is replaced with another amino 
acid, preferably a non-conserved amino acid, more preferably an alanine. It is 
demonstrated herein that overexpression of a variant yeast MetAP2 dominant negative 
variant (H174A) in a yeast mapl null strain, which does not express a functional MetAPI 
polypeptide, under the strong constitutive GPD promoter was lethal whereas 
overexpression under the weaker regulatable GAL1 promoter significantly inhibited 
growth (Example 1). These observations suggest that the H174A mutant interferes with 
wild-type MetAP2 function in a dose-dependent manner. It is herein demonstrated that 
variant forms of human MetAP2, which lack aminopeptidase function, also have 
dominant negative. activity. Specifically, a variant human MetAP2 comprising a H231A 
mutation was administered to human vascular endothelial cells in culture and was shown 
to inhibit vascular endothelial cell growth and endogenous aminopeptidase activity 
v (Example 3). Thus, given that both yeast H171A MetAP2 and human H231A MetAP2 
exhibit dominant negative activity, the invention encompasses any and all polypeptides 
comprising any variant MetAP2 polypeptides that possess dominant negative activity. 

His 174 or His 231 is strictly conserved in all MetAPs sequencg^to^date (Li and 
Chang, PNAS, 1995; Tahirov et a/., J. Mol. S/o/r284Tf6l-124, 1998). Previous studies 
have reported a similar disrupti on of ca talytic function by replacement of the homologous 
residue in human MetAP2 (H231R) (Grifntirer^Ar 1 !^) or" E. coli MetAP (H79A) 
(Lowther et al., Biochemistry, 38:7678-7688, 1999). The homologous residue in humaq^ 
MetAP2, His 231 , has also been identified as the drug-binding site for two potent 
angiogenesis inhibitors, TNP-470 and ovalicin (Griffith et al., 1998; Liu et a/., Science 
282:1324-1327, 1998). Thus, the skilled artisan understands that, given the unique 
molecular structure of histidine, which has a weakly basic imidazole side chain, its 
position within a beta sheet comprising the active site of the catalytic domain (Liu et al., 
1998) and its complete conservation in all MetAP2s sequenced to date (Griffith et al., 
I Chemistry and Biology 4:461-471, 1997), this histidine serves an important role in the 
aming peptidage f unction of MetAP2 . Therefore, the invention is^drawn to variants of 
MetAP2 which contain any amino acid except histidine at the position corresponding to 
residue number 231 in human, mouse or rat MetAP2 or residue number 171 in yeast 
MetAP2. It is further envisioned that any variant form of MetAP2 which abolishes the 
^ctive sjte pocket^abolishes fumagillin binding sites and/or amino acids involved in the 
coordination of" a cobalt ion, is also encompassed by the invention. Those amino acids 
that contact fumagillin are, according to the numbering system of human MetAP2 (SEQ 
ID NO: 12), Phe 2 ^ Leu 328 , Me 338 , His^^vj^ 4 4 and Leu 44 7 . Those amino acids that are 
involved in the coordination of Co 2+ ions are, according to the numbering system of SEQ 
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His 331 , Glu 364 and G^t?^)lt is envisioned that amino acid 
substitutions at any of the positions listed above, or in analogous positions of non-human 
MetAP2 homologues, would give rise to a dominant negative phenotype and therefore 
must be considered embodiments of the present invention. Preferred dominant negative 
variants of MetAP2 are depicted as SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11 and 
SEQ ID NO:16. 

The inventors herein further demonstrate that the overexpression of truncated 
MetAP2 (H174A) that lacks the p olylysine blocl^Hranslation domain ,, ) J which comprises 
amino aciHF2^5T^ofSEQ ID NO:8 and SEQ ID NO:14, haTn^effect on the growth rate 



of a map1 null yeast strain when expressed "under either the GAL1 promoter or the GPD 
promoter. This observation demonstrates that the presence of a polylysine block is 
necessary to confer dominant negative MetAP2 activity to a polypeptide. It isTtherefore 
envisioned that the translation dormirTfrorh any MetAP2, preferably a human, mouse, rat 
or yeast polylysine block (SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:15 or SEQ ID NO:3, 
respectively), or a fragment thereof may function as a dominant negative MetAP2. Given 
this important discovery of the role of the translation domain in dominant negative 
MetAP2 activity, an embodiment of the invention is drawn to polypeptides that comprise 
a translation domain or fragment thereof, wherein the polypeptide has dominant negative 
MetAP2 activity and wherein the fragment of said translation domain is not less than 
three (3) amino acids long. 

While this invention is not bound by any theories, a plausible explanation for the 
dominant negative activity of the polypeptide variants of this invention is that the variants 
compete with wild-type MetAP2 for association with ribosomes, elF-2 or other elements 
of the translation machinery of a cell. It has been assumed that MetAPs are associated 
with the translational machinery because N-terminal methionine is cotranslationally 
removed from nascent polypeptides that are approximately 15-20 amino acids in length 
(Yoshida et al., Proc. Natl. Acad. Sci. USA 67:1600-1607, 1970). Thus, overexpression 
of the catalytically inactive variant form of MetAP2 may lead to the disruption of cellular 
MetAP2 activity by displacing functional wild-type MetAP2 from the translational 
machinery and precluding the cotranslational removal of N-terminal methionine from 
nascent polypeptides. This is consistent with the apparent dose-dependent effect of the 
yeast H174A variant in maplA yeast strains and the requirement for the N-terminal 
domain, which comprises a polylysine block. 

Polylysine blocks have been found in several proteins, including eukaryotic 
initiation factor 2p (elF-2(3) (Pathak et ai, Cell 54:633-639, 1988) and N- 
myristoyltransferase (Glover et al., J. Biol. Chem. 272:28680-28689, 1997). In most 
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cases, these blocks, together with adjacent acidic residues, are believed to be 
responsible for protein-protein and protein-nucleic acid interactions, and facilitate the 
activity of certain factors in protein synthesis. It is worth noting that the polylysine region 
of human myristoyltransferase was reported to likely play an important role in its 
ribosomal association (Glover et al., 1997). 

For the purposes of this invention, it is important to note that naturally occurring 
human and mouse MetAP2 polypeptides share 96% sequence identity, whereas 
naturally occurring yeast MetAP2 is 46% identical to naturally occurring human MetAP2. 
Figure 1 depicts the alignment of naturally occurring (wild-type) human (SEQ ID NO: 12), 
mouse (SEQ ID NO:13), rat (SEQ ID NO:17) and yeast MetAP2 (SEQ ID NO:14). The 
alignment was performed using the art recognized ClustalW Multiple Sequence 
Alignment protocol. Sequence identity was determined by dividing the number of shared 
identical amino acids by the total number of amino acids in the polypeptide. Therefore, 
given that the object of the invention is a dominant negative variant of MetAP2, and that 
the yeast, human, rat and mouse variants are disclosed, it is envisioned that an 
embodiment of the invention is directed to a dominant negative variant of MetAP2 is at 
least 46% identical to the human variant sequence of SEQ ID NO:6. 



Embodiments of the Invention: dnvMetAP2 Polypeptides 

The present invention is directed to variant type 2 methionine aminopeptidases 
which selectively inactivate the methionine cleavage activity of naturally occurring type 2 
methionine aminopeptidase ("MetAP2") without substantially affecting the translational 
machinery binding activity of MetAP2. Such dominant negative variants of MetAP2 
("dnvMetAP2") comprise, preferably, a translation domain and an inactive 
aminopeptidase or catalytic domain. dnvMetAP2s inhibit the cell proliferation-promoting 
effect of wild-type MetAP2 and are therefore useful for inhibiting, for example, 
angiogenesis, immune cell proliferation, growth of microsporidia, growth of tumors and 
the growth of fungi in vivo or in vitro. 

It is envisioned that the dnvMetAP2 polypeptide comprises a translation domain 
or a fragment thereof, which confers translational machinery binding activity, from any 
one of naturally occurring MetAP2 polypeptides, either known or currently unknown. 
Examples of polylysine blocks include those derived from human (SEQ ID NO:1), mouse 
(SEQ ID NO:2), rat (SEQ ID NO:15) and yeast (SEQ ID NO:3) MetAP2. In another 
embodiment, the dnvMetAP2 further comprises a aminopeptidase domain or fragment 
thereof derived from any naturally occurring MetAP2. In a preferred embodiment, the 
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dnvMetAP2 comprises a polypeptide of SEQ ID NO:6, 7, 8 or 16, which corresponds to 
variant forms of human, mouse, yeast or rat MetAP2, respectively, wherein key amino 
acid substitutions that eliminate aminopeptidase activity while preserving translation 
machinery binding are present. Those key substitutions are described above and in the 
sequence listing, which is herein incorporated by reference, as SEQ ID NO:6, 7, 8 and 
16. In a more preferred embodiment, the dnvMetAP2 comprises a non-conserved amino 
acid substitution for histidine at position 231 of human, mouse or rat MetAP2 or at 
position 1 74 of yeast MetAP2. 

It is further envisioned that chimeric forms of dnvMetAP2 fall within the scope of 
this invention, wherein a polylysine block from one MetAP2 homolog is spliced to an 
aminopeptidase domain of one or more other MetAP2 homologs. A preferred chimeric 
dnvMetAP2 is a least 46% identical to a human dnvMetAP2 (SEQ ID NO:6) at the amino 
acid level. Chimeric dnvMetAP2 polypeptides can be made according to any method 
that is well known in the art. Comparisons of dnvMetAP2 amino acid sequences may be 
made using alignment methods which are designed to align regions according to similar 
predicted tertiary structures. An example is the Clustal method (Higgins et al, Cabios 
8:189-191, 1992) of multiple sequence alignment in the Lasergene biocomputing 
software (DNASTAR, INC, Madison, Wl). In this method, multiple alignments are carried 
out in a progressive manner, in which larger and larger alignment groups are assembled 
using similarity scores calculated from a series of pairwise alignments. Optimal 
sequence alignments are obtained by finding the maximum alignment score, which is the 
average of all scores between the separate residues in the alignment, determined from a 
residue weight table representing the probability of a given amino acid change occurring 
in two related proteins over a given evolutionary interval. Penalties for opening and 
lengthening gaps in the alignment contribute to the score. The default parameters used 
with this program are as follows: gap penalty for multiple alignment = 10; gap length 
penalty for multiple alignment =10; k-tuple value in pairwise alignment = 1; gap penalty 
in pairwise alignment = 3; window value in pairwise alignment = 5; diagonals saved in 
pairwise alignment = 5. The residue weight table used for that alignment program is 
PAM250 (Dayhoff et al., in Atlas of Protein Sequence and Structure, Dayhoff, Ed., 
NBRF, Washington, Vol. 5, suppl. 3, p. 345, 1978). 

It is believed that the dnvMetAP2s need not comprise the exact amino acid 
sequence as depicted in the Sequence Listing or Figure 1 in order to retain the ability to 
inhibit naturally occurring MetAP2 activity. Rather, conservative amino acid substitutions 
in the dnvMetAP2s are within the scope of the present invention. Conservative amino 
acid substitutions refer to the interchangeability of residues having similar side chains. 
Conservatively substituted amino acids can be grouped according to the chemical 
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properties of their side chains. For example, one grouping of amino acids includes those 
amino acids have neutral and hydrophobic side chains (A, V, L, I, P, W, F, and M); 
another grouping is those amino acids having neutral and polar side chains (G, S, T, Y, 
C, N, and Q); another grouping is those amino acids having basic side chains (K, R, and 
H); another grouping is those amino acids having acidic side chains (D and E); another 
grouping is those amino acids having aliphatic side chains (G, A, V, L, and I); another 
grouping is those amino acids having aliphatic-hydroxyl side chains (S and T); another 
grouping is those amino acids having amine-containing side chains (N, Q, K, R, and H); 
another grouping is those amino acids having aromatic side chains (F, Y, and W); and 
another grouping is those amino acids having sulfur-containing side chains (C and M). 
Preferred conservative amino acid substitutions groups are: R-K; E-D, Y-F, L-M; V-l, and 
Q-H. 

As used herein, the dnvMetAP2s of the present invention can also include 
modifications of the sequences identified herein, including sequences in which one or 
more amino acids have been inserted, deleted or replaced with a different amino acid or 
a modified or unusual amino acid, as well as modifications such as glycosylation or 
phosphorylation of one or more amino acids so long as the dnvMetAP2 containing the 
modified sequence retains the ability to inhibit naturally occurring MetAP2 activity. 
Amino acid(s) can be added to or removed from the N-terminus, C-terminus or within the 
amino acid sequence, provided the translational machine binding activity is retained, 
which is believed to be required for aminopeptidase inhibiting activity. Thus, the 
sequences set forth in SEQ ID NOS:1-3 and 15, which are sequences of the full length 
translation domains, are believed to be the minimum domain required for activity of these 
dnvMetAP2s. 

In another embodiment of the invention, it is envisioned that the dnvMetAP2 
polypeptides further comprise a transit peptide, preferably fused in frame at the N- 
terminus of the dnvMetAP2. The transit peptide comprises a hydrophobic or 
cationic/amphipathic sequence which enables the peptide to cross the plasma 
membranes of cells. Hydrophobic sequences may comprise portions of the membrane 
permeable sequences of Karposi FGF, Grb2 or integrin p3, the fusion sequence of HIV-1 
gb41 or the signal sequence of Caiiman croc. Ig(v) light chain. Amphipathic/cationic 
sequences may comprise portions of influenza hemagglutinin subunit, antennapedia 
third helix, HiV-1 Tat, HSV transcription factor, galanin/mastoparin fusion or synthetic 
analogs thereof. Transit peptides are well known in the art and are well described in 
Gariepy and Kawamura, Trends Biotech. 19:21-28, 2001, which is incorporated herein 
by reference. The preferred transit peptide comprises an HIV-1 Tat sequence of SEQ ID 
NO: 1 9 (Gly-Arg-Lys-Lys-Arg-Arg-Gln-Arg). 
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A preferred dnvMetAP2 according to the present invention is prepared in pure 
form by recombinant DNA technology. By "pure form" or "purified form" or "substantially 
purified form" it is meant that a dnvMetAP2 composition is substantially free of other 
proteins which are not the dnvMetAP2. Preferably, a substantially purified dnvMetAP2 
composition comprises at least about 50 percent dnvMetAP2 on a molar basis compared 
to total proteins or other macromolecular species present. More preferably, a 
substantially purified dnvMetAP2 composition will comprise at least about 80 to about 90 
mole percent of the total protein or other macromolecular species present and still more 
preferably, at least about 95 mole percent or greater. 

A recombinant dnvMetAP2 may be made by expressing a DNA sequence 
encoding the dnvMetAP2 in a suitable transformed host cell. Using methods well known 
in the art, the DNA encoding the dnvMetAP2 may be linked to an expression vector and 
transformed into a host cell, and conditions established that are suitable for expression 
of the dnvMetAP2 by the transformed cell. 

Any suitable expression vector may be employed to produce a recombinant 
dnvMetAP2 such as, for example, the mammalian expression vector pCB6 (Brewer, 
Meth Cell Biol 43: 233-245, 1994) or the E. coli pET expression vectors, specifically, 
pET-30a (Studier et al., Methods Enzymol 185: 60-89, 1990). Other suitable expression 
vectors for expression in mammalian and bacterial cells are known in the art as are 
expression vectors for use in yeast or insect cells. Baculovirus expression systems can 
also be employed. 

A number of cell types may be suitable as host cells for expression of a 
recombinant dnvMetAP2. Mammalian host cells include, but are not limited to, monkey 
COS cells, Chinese Hamster Ovary (CHO) cells, human kidney 293 cells, human 
epidermal A431 cells, human Colo 205 cells, 3T3 cells, CV-1 cells, other transformed 
primate cell lines, normal diploid cells, cell strains derived from in vitro culture of primary 
tissue, primary explants, HeLa cells, mouse L cells, BHK, HL-60, U937, HaK and Jurkat 
cells. Yeast strains that may act as suitable host cells include Saccharomyces 
cerevisiae, Schizosaccharomyces pombe, Kluyveromyces strains, Candida, Pichia and 
any other yeast strain capable of expressing heterologous proteins. Host bacterial 
strains include Escherichia coli, Bacillus subtilis, Salmonella typhimurium and any other 
bacterial strain capable of expressing heterologous proteins. If the polypeptide is made 
in yeast or bacteria, it may be necessary to modify the polypeptide, for example, by 
phosphorylation or glycosylation of the appropriate sites using known chemical or 
enzymatic methods, to obtain a biologically active polypeptide. 

The dnvMetAP2s of the present invention can also be expressed in transgenic 
plants (see, for example, U.S. Patent No. 5,679,880) or transgenic animals such as, for 
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example, cows, goats, pigs, or sheep whose somatic or germ cells contain a nucleotide 
sequence encoding the dnvMetAP2. 

The expressed dnvMetAP2 can be purified using known purification procedures, 
such as gel filtration and ion exchange chromatography. Purification may also include 
affinity chromatography using an agent that will specifically bind the polypeptide, such as 
a polyclonal or monoclonal antibody raised against the dnvMetAP2 or fragment thereof. 
Other affinity resins typically used in protein purification may also be used such as 
concanavalin A-agarose, HEPARIN-TOYOPEARL® or CIBACROM BLUE 3GA 
SEPHAROSE®. Purification of the dnvMetAP2 may also include one or more steps 
involving hydrophobic interaction chromatography using such resins as phenyl ether, 
butyl ether, or propyl ether. 

It is also contemplated that the dnvMetAP2 may be expressed as a fusion protein 
to facilitate purification. Such fusion proteins, for example, include the dnvMetAP2 
amino acid sequence fused to a histidine tag, as well as the dnvMetAP2 amino acid 
sequence fused to the amino acid sequence of maltose binding protein (MBP), 
glutathione-S-transferase (GST) or thioredoxin (TRX). Similarly, the invention 
dnvMetAP2 can be tagged with a heterologous epitope, such as a FLAG® epitope or a 
myc epitope, and subsequently purified by immunoaffinity chromatography using an 
antibody that specifically binds the epitope. Kits for expression and purification of such 
fusion proteins and tagged proteins are commercially available. 

The recombinant dnvMetAP2s may also be prepared under reducing conditions. 
In such instances refolding and renaturation can be accomplished using one of the 
agents noted above that is known to promote dissociation/association of proteins. For 
example, the dnvMetAP2 polypeptide may be incubated with dithiothreitol followed by 
incubation with oxidized glutathione disodium salt followed by incubation with a buffer 
containing a refolding agent such as urea. 

The dnvMetAP2s of the present invention may also be produced by chemical 
synthesis using methods known to those skilled in the art. 

Embodiments of the Invention: dnvMetAP2 Polynucleotides & Vectors 

The present invention also encompasses isolated polynucleotides comprising 
nucleotide sequences that encode any of the dnvMetAP2s described herein. As used 
herein, a polynucleotide includes DNA and/or RNA and thus the nucleotide sequences 
recited in the Sequence Listing as DNA sequences also include the identical RNA 
sequences with uracil substituted for thymine bases. Preferred polynucleotides encode 



20 

a dnvMetAP2 comprising an alanine substitution for His231 (H231A in mammalian 
MetAP2) or for His174 (H174A in yeast MetAP2). Those polynucleotides comprise SEQ 
ID NO:9, SEQ ID NO:10, SEQ ID NO:11 and SEQ ID NO:18, which encode human, 
mouse, yeast and rat dnvMetAP2s, respectively. 

The present invention also encompasses vectors comprising an expression 
regulatory element operably linked to any of the dnvMetAP2-encoding nucleotide 
sequences included within the scope of the invention. This invention also includes host 
cells, of any variety, that have been transformed with such vectors. Expression 
regulatory elements are defined above. Vectors which may be used in this invention 
include vectors that are useful as gene delivery systems for gene therapy, mammalian 
expression plasmids, bacterial plasmids, yeast shuttle vectors, human artificial 
chromosomes, yeast artificial chromosomes and cosmids. Gene delivery systems for 
gene therapy include, for example, retroviruses, adenovirus, adeno-associated viruses, 
lentiviruses, herpes simplex virus, vaccinia virus, human cytomegalovirus, Epstein-Barr 
virus, negative-strand viruses and hybrid viral vector systems. A preferred gene therapy 
vector is adenovirus. For a comprehensive review of gene delivery systems for gene 
therapy, see Romano et a/., Stem Cells 18:19-39, 2000, which is incorporated herein by 
reference. Also preferred are yeast shuttle vectors useful in yeast-based multicopy 
suppression screens and synthetic lethal screens. For a comprehensive review on yeast 
shuttle vectors, see Methods in Yeast Genetics: A Cold Spring Harbor Laboratory 
Course Manual (2000 Edition) by Dan Burke, Dean Dawson and Tim Stearns, CSHL 
Press, 2000, which is incorporated herein by reference. 

In yet another embodiment, a polynucleotide which specifically hybridizes to a 
dnvMetAP2-encoding polynucleotide or to its complement is provided. Specific 
hybridization is defined herein as the formation of hybrids between a polynucleotide, 
including oligonucleotides, and a specific reference polynucleotide (e.g., a polynucleotide 
comprising a nucleotide sequence complementary to a nucleotide sequence encoding a 
dnvMetAP2) wherein the polynucleotide preferentially hybridizes to the specific 
dnvMetAP2 over other aminopeptidases. Specific hybridization is preferably done under 
high stringency conditions which, as well understood by those skilled in the art, can 
readily be determined by adjusting several factors during hybridization and during the 
washing procedure, including temperature, ionic strength, length of hybridization or 
washing times, and concentration of formamide (see for example, Sambrook, Fritsch and 
Maniatis., Molecular Cloning: a Laboratory Manual, 2d Ed., Vols. 1-3, Cold Spring Harbor 
Laboratory Press, Plainview N.Y. 11803, 1989) 



21 



Embodiments of the Invention: Pharmaceutical Compositions & Therapeutics 

The dnvMetAP2s of the present invention would be expected to inhibit the growth 
of microsporidial cells, some bacterial cells, tumor cells and T-cells, as well as fungal 
cells and endothelial cells as herein shown in Examples 1 and 3 herein. As discussed in 
the Background of the Invention, inhibitors of MetAP2 have been shown to inhibit the 
growth of endothelial cells, tumor cells, CD4+ T-cells, microsporidia and some fungi. 
Therefore, the invention dnvMetAP2s would be expected to also have such an effect on 
the same and similar cell types. 

The present invention also includes therapeutic or pharmaceutical compositions 
comprising a dnvMetAP2 of the present invention in an effective amount for inhibiting the 
growth of vascular endothelial cells, immune system cells, microsporidia, fungal cells or 
bacterial cells in patients suffering from cancer, a disease mediated by the immune 
system or an opportunistic infection, and a method comprising administering a 
therapeutically effective amount of the dnvMetAP2 to a cell ex vivo or in vivo. The 
compositions and methods of the present invention are preferably useful for treating a 
cancer by inhibiting or reversing the effects of angiogenesis, whereby angiogenesis is 
the establishment of a blood supply to a tumor, and for treating diseases mediated by 
immune system function, as defined above. 

Whether the dnvMetAP2s of the present invention would be effective in the 
inhibition of growth of a particular cell or tissue type can be readily determined by one 
skilled in the art using any of a variety of assays known in the art. For example, it is 
known in the art that quiescent cells, or cells that have stopped dividing, show a 
decrease in metabolic activity, i.e., glucose uptake, DNA synthesis, RNA synthesis and 
protein synthesis, required for normal function and growth. Furthermore, simple assays 
that measure cell division, such as cell counting and incorporation of BrdU into 
replicating DNA may be used to determine a change in the rate of cell proliferation upon 
treatment with a dnvMetAP2. 

The therapeutic or pharmaceutical compositions of the present invention can be 
administered by any suitable route known in the art including for example intravenous, 
subcutaneous, sublingual, intranasal, intramuscular, transdermal, intrathecal, 
transmucosal, pulmonary inhalation or intracerebral. Administration can be either rapid 
as by injection or over a period of time as by slow infusion or administration of a slow 
release formulation as in an, for example, an implantable gel or transdermal patch. For 
treating tissues in the central nervous system, administration can be by injection or 
infusion into the cerebrospinal fluid (CSF). When it is intended that an invention 
dnvMetAP2 be administered to cells in the central nervous system, administration can be 
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with one or more agents capable of promoting penetration of the dnvMetAP2 across the 
blood-brain barrier. 

The invention dnvMetAP2s can also be linked or conjugated with agents that 
provide desirable pharmaceutical or pharmacodynamic properties. For example, a 
dnvMetAP2 can be coupled to any substance known in the art to promote penetration or 
transport across the blood-brain barrier such as an antibody to the transferrin receptor, 
and administered by intravenous injection (See for example, Friden et al., Science 
259:373-377, 1993). Furthermore, a dnvMetAP2 can be stably linked to a polymer such 
as polyethylene glycol or fused to an albumin moiety to obtain desirable properties of 
solubility, stability, half-life and other pharmaceutical^ advantageous properties. (See for 
example Davis et al. Enzyme Eng 4: 169-73, 1978; Burnham, Am J Hosp Pharm 51: 
210-218, 1994). 

Preferably, a dnvMetAP2 of the present invention is administered with a carrier 
such as liposomes or polymers containing a targeting moiety to limit delivery of the 
dnvMetAP2 to targeted cells. Examples of targeting moieties include but are not limited 
to antibodies, ligands or receptors to specific cell surface molecules. 

For nonparenteral administration, the compositions can also include absorption 
enhancers which increase the pore size of the mucosal membrane. Such absorption 
enhancers include sodium deoxycholate, sodium glycocholate, dimethyl-p-cyclodextrin, 
lauroyl-1-lysophosphatidylcholine and other substances having structural similarities to 
the phospholipid domains of the mucosal membrane. 

The compositions are usually employed in the form of pharmaceutical 
preparations. Such preparations are made in a manner well known in the 
pharmaceutical art. One preferred preparation utilizes a vehicle of physiological saline 
solution, but it is contemplated that other pharmaceutically acceptable carriers such as 
physiological concentrations of other non-toxic salts, five percent aqueous glucose 
solution, sterile water or the like may also be used. It may also be desirable that a 
suitable buffer be present in the composition. Such solutions can, if desired, be 
lyophilized and stored in a sterile ampoule ready for reconstitution by the addition of 
sterile water for ready injection. The primary solvent can be aqueous or alternatively 
non-aqueous. The invention dnvMetAP2s can also be incorporated into a solid or semi- 
solid biologically compatible matrix which can be implanted into tissues requiring 
treatment. 

The carrier can also contain other pharmaceutically-acceptable excipients for 
modifying or maintaining the pH, osmolarity, viscosity, clarity, color, sterility, stability, rate 
of dissolution, or odor of the formulation. Similarly, the carrier may contain still other 
pharmaceutically-acceptable excipients for modifying or maintaining release or 
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absorption or penetration across the blood-brain barrier. Such excipients are those 
substances usually and customarily employed to formulate dosages for parenteral 
administration in either unit dosage or multi-dose form or for direct infusion into the 
cerebrospinal fluid by continuous or periodic infusion. 

Dose administration can be repeated depending upon the pharmacokinetic 
parameters of the dosage formulation and the route of administration used. 

It is also contemplated that certain formulations containing a dnvMetAP2 are to 
be administered orally. Such formulations are preferably encapsulated and formulated 
with suitable carriers in solid dosage forms. Encapsulation helps to prevent the 
degradation of the dnvMetAP2 in the digestive tract and may be employed to target the 
dnvMetAP2 to the appropriate cell type. Encapsulation may, for example, be in the form 
of proteinoid microsphere carriers, as described in U.S. Pat. No. 4,925,673, which is 
incorporated herein by reference, or poly amino acid carriers as described in U.S. Pat. 
No. 6,242,495, which is incorporated herein by reference. Some examples of suitable 
carriers, excipients, and diluents include lactose, dextrose, sucrose, sorbitol, mannitol, 
starches, gum acacia, calcium phosphate, alginates, calcium silicate, microcrystalline 
cellulose, polyvinylpyrrolidone, cellulose, gelatin, syrup, methyl cellulose, methyl- and 
propylhydroxybenzoates, talc, magnesium, stearate, water, mineral oil, and the like. The 
formulations can additionally include lubricating agents, wetting agents, emulsifying and 
suspending agents, preserving agents, sweetening agents or flavoring agents. The 
compositions may be formulated so as to provide rapid, sustained, or delayed release of 
the active ingredients after administration to the patient by employing procedures well 
known in the art. The formulations can also contain substances that diminish proteolytic 
degradation and promote absorption such as, for example, surface active agents. 

The specific dose is calculated according to the approximate body weight or body 
surface area of the patient or the volume of body space to be occupied. The dose will 
also be calculated dependent upon the particular route of administration selected. 
Further refinement of the calculations necessary to determine the appropriate dosage for 
treatment is routinely made by those of ordinary skill in the art. Such calculations can be 
made without undue experimentation by one skilled in the art based on the activity of the 
dnvMetAP2 for a particular cell type in vitro. The activity of invention dnvMetAP2s on 
various cell types in culture is described below and its activity on a particular target cell 
type can be determined by routine experimentation. Exact dosages are determined in 
conjunction with standard dose-response studies. It will be understood that the amount 
of the composition actually administered will be determined by a practitioner, in the light 
of the relevant circumstances including the condition or conditions to be treated, the 
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choice of composition to be administered, the age, weight, and response of the individual 
patient, the severity , of the patient's symptoms, and the chosen route of administration. 

In one embodiment of this invention, an invention dnvMetAP2 may be 
therapeutically administered by implanting into patients vectors or cells capable of 
producing a biologically-active form of the dnvMetAP2 or a precursor of the dnvMetAP2, 
i.e. a molecule that can be readily converted to a biological-active form of the 
dnvMetAP2 by the body. In one approach cells that secrete the dnvMetAP2 may be 
encapsulated into semipermeable membranes or polymer matrices for implantation into 
a patient. It is preferred that the cell be of human origin and that the dnvMetAP2 be 
derived from human MetAP2 when the patient is human. However, the formulations and 
methods herein can be used for veterinary as well as human applications and the term 
"patient" as used herein is intended to include human and veterinary patients. 

In another embodiment of this invention, a gene therapy vector comprising any 
one of the invention polynucleotides that encode a dnvMetAP2 operably linked to a 
promoter can be administered to a patient. In a preferred embodiment, the gene therapy 
vector is an adenovirus and the promoter is either a CMV promoter, an endothelial cell- 
specific promoter or an immune cell-specific promoter. When the patient is a human, the 
polynucleotide preferably comprises SEQ ID NO:9. 

Embodiments of the Invention: Cell-Based Screen and Assays 

Another embodiment of the invention is drawn to a cell-based assay to identify 
agents that modulate MetAP2 activity. In a preferred embodiment, the assay is a yeast- 
based synthetic lethal screen, which is well known in the art (Peterson et a/., J. Cell Biol. 
127:1395-13406, 1994; Bender and Pringle, Mol. Cell. Biol. 11:1295-1305, 1991, which 
are herein incorporated by reference). Given that the dominant negative effect of a 
dnvMetAP2 can only be detected in the yeast Saccharomyces cerevisiae when the 
MAPI gene is not expressed and no MetAPI is produced, the synthetic lethal screen 
may employ a yeast comprising a regulatable MAPI gene and a wild-type MAP2 gene. 
The yeast cell, which as described herein does not contain an operable naturally 
occurring chromosomal copy of a gene encoding a MetAPI, is contacted with a 
prospective agent. If the agent inhibits the activity of MetAP2, either directly or indirectly, 
then the yeast cell will not grow when MAPI is not expressed, and will be able to grow 
when the MAPI gene is expressed. In a preferred embodiment, the yeast strain is 
map 7 A and comprises a MAPI gene operably linked to a GAL1 promoter on a plasmid. 
The agent may be a polynucleotide, as in a library of genes from any and all organisms, 
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or any molecular compound capable of entering a yeast cell. The yeast cell may be 
rendered permeable by any method known in the art, such as lithium acetate 
permeablization or electroporation. 

It is further envisioned that a chemical synthetic lethal screen for agents that 
inhibit MetAP2 may also be conducted in cultured mammalian cells, preferably human 
cells. An immortalized cell line is engineered to contain a deletion in the naturally 
occurring chromosomal copy of the gene(s) encoding MetAPI, rendering said naturally 
occurring chromosomal copy of the gene encoding a MetAPI inoperable, and an 
episome that contains a complementing copy of a gene encoding MetAPI and a gene 
that encodes a fluorescent protein, such as Green Fluorescent Protein ("GFP") for 
example. The engineered cell is contacted with a prospective agent. If the agent inhibits 
MetAP2, the episome comprising the MetAPI gene, and fortuitously the GFP gene, will 
be required for viability and thus maintained within the cell. If the agent does not inhibit 
MetAP2, the episome is not selected for and will therefore be lost from the cell. Given 
that expression of GFP is lost in the absence of an inhibitor of MetAP2 and maintained in 
the presence of an inhibitor of MetAP2, a convenient fluorescence-based high 
throughput assay may be employed to screen for chemical agents that inhibit MetAP2 
activity. See Simons et al., Genome Research 11:266-273, 2001, which is incorporated 
herein by reference, for an enabling description of a human cell based chemical 
synthetic lethal screen. 

Another embodiment of the invention is drawn to a multicopy suppressor-type 
screen for the identification of downstream effectors of MetAP2. It is envisioned that 
MetAP2 effects cellular growth and proliferation through downstream effector molecules, 
such as p53 (supra). Therefore, the inventors envision that the overexpression of such a 
downstream effector of MetAP2 may abrogate the dominant negative effect of 
dnvMetAP2 on wild-type MetAP2. In a preferred embodiment, a yeast multicopy 
suppressor screen is employed, wherein the yeast strain is maplA and comprises a 
gene encoding a dnvMetAP2, which may be operably linked to a regulatable promoter on 
a plasmid. Said yeast strain is contacted with a multicopy plasmid comprising a 
polynucleotide that encodes a downstream effector of MetAP2. In the presence of an 
overexpressed downstream effector of MetAP2 and in the presence of a dnvMetAP2, the 
yeast cell may grow. In the absence of a downstream effector and in the presence of a 
dnvMetAP2, the yeast cell may not grow. The skilled artisan, in the practice of this 
invention, may employ other yeast strain constructs, such as a maplA with a 
complementing MAPI gene operably linked to a regulatable promoter, to achieve the 
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same goal of identifying downstream effectors of MetAP2. The inventors envision that 
said effectors of MetAP2 function may serve as useful reagents and drug targets. 



Embodiments of the Invention: Examples 

5 

Preferred embodiments of the invention are described in the following examples. 
Other embodiments within the scope of the claims herein will be apparent to one skilled 
in the art from consideration of the specification or practice of the invention as disclosed 
herein. It is intended that the specification, together with the examples, be considered 
10 exemplary only, with the scope and spirit of the invention being indicated by the claims 
which follow the examples. 
^ The procedures disclosed herein which involve the manipulation of yeast cells, 

y5 insect cells, mammalian cells and nucleic acids are known to those skilled in the art. 

"™ See generally Fredrick M. Ausubel et al. (1995), "Short Protocols in Molecular Biology", 

yJ 15 John Wiley and Sons; Joseph Sambrook et al. (1989), "Molecular Cloning, A Laboratory 

Manual", second ed., ; Celis, J.E., ed., "Cell Biology: A Laboratory Handbook", 2nd 
UJ edition, Academic Press, San Diego (1998); Dan Burke et al., "Methods in Yeast 

Genetics: A Cold Spring Harbor Laboratory Course Manual" (2000 Edition), Cold Spring 
09 Harbor Laboratory Press, 2000; Christine Guthrie, "Methods in Yeast Genetics and 

q 20 Molecular Biology", Methods in Enzymology, vol. 194, Academic Press (1990); Harlow 
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and Lane, "Antibodies: A Laboratory Manual", Cold Spring Harbor Laboratory Press, 
1988; all of which are incorporated by reference. 
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Example 1 : Dominant negative yeast MetAP2 

Materials 

All materials were from Sigma (St. Louis, MO) unless otherwise stated. 
Restriction enzymes were from Promega (Madison, Wl). 



30 Bacterial culture and transformation 

General handling and techniques for bacteria were followed. Unless otherwise 
stated, bacteria were cultured in Luria-Bertani (LB) broth (1% bacto-tryptone [Difco], 
0.5% yeast extract [Difco] and 1% NaCI). Transformations were carried out using the Z- 
Competent E. coli Transformation Kit (Zymo Research, Orange, CA) according to 

35 manufacturer's protocol. Plasmid DNA was isolated using silica gel-based spin columns 
and purified using an agarose gel extraction kit (Qiagen). 
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Veasf culture and transformation 

General handling procedures for yeast were followed (Ausubel et al, "Short 
Protocols in Molecular Biology", Wiley, which is incorporated herein by reference). 
5 Unless otherwise specified, yeast were grown in YPD (1% yeast extract, 2% peptone, 
and 2% glucose). Synthetic dropout media contained yeast nitrogen base w/o amino 
acids (Difco), appropriate amino acids to give the desired dropout mixture, and either 2% 
glucose (for SD medium) or 2% galactose (for SG medium). DNA transformations were 
performed by the lithium-acetate method (Ito et a/, J. Bacteriol. 153:163-168, 1983, 
10 which is herein incorporated by reference) using a kit (BIO 101, Vista, CA). 

DNA constructs 

Yeast hemagglutinin-tagged map2 (H174A) mutant: The wild-type MAP2 gene 
containing an N-terminal hemagglutinin (HA) epitope tag (YPYDVPDYA; SEQ ID NO:23) 
15 was subcloned from pXL-PE1A (Ghosh et al., J. Bacteriol. 180:4781-4789, 1998) into 
p425GPD (Mumberg et al., Gene 156:119-122, 1995) using the Hind III and Xho I sites. 
The codon for His 174 was replaced with a codon for Ala in HA-MAP2 using the 
QuikChange™ Site-Directed Mutagenesis kit (Stratagene) according to manufacturer's 

p 

gj protocol with the following mutagenic primers: 

y 20 

o 

S Forward 5' - caa cca ttg tgc tgc agc ttt cac acc caa 

I** TGC AG - 3' (SEQ ID NO:4) 

Reverse 5' - ctg cat tgg gtg tga aag ctg cag cac aat 
25 GGT TG - 3' (SEQ ID NO:5) 

Transformants were plated on Gibco agar containing isopropyl thio-p-D- 
galactoside (IPTG; Gold Biotechnologies [St. Louis]) and 5-Bromo-4-chloro-3-indolyl-p-D- 
galactoside (Xgal; Gold Biotechnologies). Plasmid DNA from positive blue colonies was 

30 isolated and sequenced (PE / Applied Biosystems 377). Mutant map2 (H174A) was then 
subcloned into p425GPD or p425G>4LY (Mumberg et al, Nuc. Acids Res. 22:5767-5768, 
1994) at Hind III / Xho I and sequenced on both strands by an automated sequencer (PE 
/ Applied Biosystems 377). 

Truncated yeast map2 (A2-57 / H174A): Residues 2 to 57 of yeast map2 

35 (H174A) were deleted by PCR-mediated mutagenesis from p425GPD / map2 (H174A) 
using the following primers: 
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Forward 5' - gcg caa gct tat gat tga att act gtt tcc 

AGA TGG AAA G - 3' (SEQ ID NO:20) 

Reverse 5' - gcg cct cga gtc agt agt cat cac ctt tcg 
AAA CG - 3' (SEQIDNO:21) 

Amplified, truncated map2 (A2-57 / H174A) was then subcloned into p425GAL1 
at Hind III / Xho I and sequenced. 

Yeast growth assay 

For relative growth comparison, strains were grown to mid-logarithmic phase in 5 
ml of 2% raffinose minimal media lacking leucine and -2 X 10 5 cells (ABS 6 oo) were 
streaked onto SD/Leu" or SG/Leu" plates, then incubated for 4 days at 30°C. For 
quantitative comparison, a growth curve was obtained (Figure 4). A 50 ml_ seed culture 
(SG/Leu") of each strain was grown overnight from SD/Leu" plates until ABS 60 o - 0.1. 
Each culture was resuspended in 1 mL of SG/Leu" to give ABS 6 oo ~ 5.0. The ABS 6 oo of 
each 1 mL culture was measured and diluted to an ABS 6 oo of 0.2 in 5 mL of SG/Leu". 
Each 5 mL culture was then grown aerobically at 30 °C and the ABS 6 oo was measured in 
triplicate at one-hour intervals. 

Extraction and purification of HA-tagged yeast MetAP2 

The purification of HA-tagged wild-type and mutant yeast MetAP2 from a yeast 
maplA strain (Klinkenberg et a/., Arch. Biochem. Biophys. 347:193-200, 1997) was 
performed as previously described (Li and Chang, 1995) with slight modifications. A 1- 
liter yeast culture was grown aerobically at 30°C in SG/Leu' medium. Cells were 
collected at an OD 60 o ~ 1-2 by centrifugation at 1500 x g for 5 min. The pellet was rinsed 
with buffer XL (10 mM Hepes, pH 7.4; 1.5 mM MgCI 2 , 10% Glycerol [v/v]) plus 100 mM 
NaCI and fresh protease inhibitors (1 pg/ml aprotinin, 1 pg/ml leupeptin, 0.7 pg/ml 
pepstatin A, 1 mM phenylmethylsulfonyl fluoride). Cells were disrupted by vortexing (5 
cycles of 1 min vortexing, 1 min on ice) with 0.5-mm acid-washed glass beads (Biospec 
Products, Inc.,). The lysate was then cleared at 10,000 x g for 20 min at 4°C. Cleared 
lysate was applied to a Protein-Sepharose G column (Pharmacia) previously rinsed and 
pre-equilibrated with buffer XL and an anti-hemagglutinin epitope (YPYDVPDYA; SEQ ID 
NO:23) monoclonal antibody (BabCO). After loading, the column was washed with 
buffer XL until OD 280 < 0.01. The HA-tagged enzyme was then eluted from the 
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immunoaffinity column with 1 mg/ml of free HA polypeptide in buffer XL. After extensive 
dialysis against buffer XL, each purified protein was assayed for MetAP activity using 2 
mM of Met-Gly-Met-Met (SEQ ID NO:24) as described (Li and Chang, 1995). 

Generation of polyclonal antibodies against yeast MetAP2 

A standard procedure was adapted (Harlow and Lane, supra). An oligopeptide 
corresponding to a conserved 10-amino acid sequence at the C-terminus of MetAP2 
(CKEWSKGDDY) (SEQ ID NO:22) was obtained (Research Genetics). An N-terminal 
cysteine was included in the peptide for coupling to the carrier protein, maleimide- 
activated keyhole limpet hemocyanin (KLH). The peptide and KLH were conjugated at 2 
mg peptide/ 2 mg KLH according to the manufacturer's protocol (Pierce). The KLH- 
peptide immunogen was mixed with an equal volume of Freund's complete adjuvant 
(Difco) and 400 \x\ of this emulsion was injected intramuscularly into each thigh of a host 
rabbit. Two booster injections of the same amount of antigen emulsified in incomplete 
Freund's adjuvant (Sigma) were given at weeks 4 and 8. Blood was collected from the 
ear prior to the initial injection and 10 days after each boost. Blood samples stood at 
room temperature for 4 hours before being placed at 4°C overnight. Coagulated blood 
was cleared by centrifugation at 3000 x g for 10 min. The MetAP2 antibodies were 
purified using cyanogen bromide-activated thiol-sepharose (Sigma) coupled with the 
peptide antigen. Antisera specificity and titer from each collection was examined by 
immunoblot against immunoaffinity-purified epitope-tagged yeast MetAP2 (Li and Chang, 
1995) 

Polyacrylamide gel electrophoresis and Western blots 

SDS-PAGE (Laemmli, Nature 227:680-685, 1970) was performed on 10% 
polyacrylamide gels. The total protein concentration of crude extracts was determined 
by the Bradford assay (Bradford, Anal. Biochem. 72:248-254, 1976). Gels were wet- 
transferred overnight to a nitrocellulose membrane and blocked for 1 hour with Tris- 
buffered saline solution containing 0.2% Tween 20 (TBST) plus 5% nonfat dry milk. All 
western blots were performed following the ECL™ detection protocol (Amersham). 
Membranes were incubated with rabbit anti-yeast MetAP2 polyclonal antibodies (1:500) 
in TBST plus 1% nonfat dry milk for 1 hour at room temperature. Membranes were then 
incubated with goat anti-rabbit horseradish peroxidase conjugated antibodies (1:6000, 
Sigma) for 30 minutes at room temperature and exposed to x-ray film (Molecular 
Technologies, St. Louis, MO). 
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Results 

MetAP2 (H174A) is a dysfunctional catalyst - To generate a catalytically inactive 
MetAP2 mutant, the codon for His 174 of the wild-type yeast MAP2 gene containing an N- 
terminal hemagglutinin epitope tag (Li and Chang, 1995) was replaced with the codon for 
alanine by site-directed mutagenesis. The resultant mutant gene, map2 (H174A), was 
subcloned into a multi-copy vector under the strong yeast glyceraldehyde 3-phosphate 
(GPD) promoter (p425GPD) (Mumberg, 1995). 

In order to minimize background aminopeptidase activity with purified MetAP2 
(H174A), a yeast maplA strain (Klinkenberg, 1997) was transformed with p425GPD / 
map2 (H174A). No colonies were obtained when maplA was transformed with 
p425 GPD / map2 (H174A) which initially suggested that MetAP2 (H174A) 
overexpression is lethal in maplA. Overexpression of MetAP2 (H174A) in a multi-copy 
vector under the relatively weaker, regulatable GAL1 promoter (Mumberg, 1994), 
however, was not lethal and allowed for the purification of MetAP2 (H174A). 

Wild-type MetAP2 and MetAP2 (H174A), each having an N-terminal 
hemagglutinin (HA)-tag (YPYDVPDYA) (SEQ ID NO:23), were immunopurified from 
maplA with mouse anti-HA epitope monoclonal antibodies and the catalytic activity of 
each enzyme was assessed. Unlike wild-type MetAP2, MetAP2 (H174A) displayed no 
detectable activity against a peptide substrate (MGMM) (SEQ ID NO:24) in vitro (Fig. 2). 
Thus, replacement of conserved His 174 with alanine disrupts the catalytic activity of yeast 
MetAP2. 

Overexpression of map2 (H174A) in maplA under the GPD promoter is lethal - 
Removal of N-terminal methionine is essential for cellular growth in yeast (Chang et al., 
1992; Li and Chang, 1995). Thus, if overexpression of a mutant MetAP2 in maplA 
interferes with wild-type MetAP2 function, a slow-growth or lethal phenotype is expected. 
To test whether MetAP2 (H174A) interferes with wild-type MetAP2 function, a yeast 
maplA strain, YHC001 (Klinkenberg, 1997) (expresses only wild-type MetAP2), was 
transformed with p425GPD / map2 (H174A). The steady state levels of MetAP2 in the 
maplA strain and the originating wild-type yeast strain (W303-1A) are similar (data not 
shown). No colonies were obtained after two consecutive transformations of maplA with 
-0.1 fxg of p425GPD / map2 (H714A) while -170 colonies were obtained with -0.1 jag of 
vector alone (data not shown). This finding suggested that overexpression of MetAP2 
(H174A) in maplA under the GPD promoter is lethal. 
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GAL1 expression of map2 (H174A) inhibits the growth of maplA - A qualitative 
growth comparison was performed to assess whether expression of MetAP2 (H174A) 
under GAL1 inhibits the growth of map 7 A. Colonies of equal size were observed on 
glucose plates where expression under GAL1 is repressed (Fig. 3A). In contrast, 
colonies of different sizes were observed on galactose plates where expression is 
activated (Fig. 3B). 

Colonies of map 7 A overexpressing wild-type MetAP2 were the largest observed 
(Fig. 3B, WT). This finding is consistent with our previous observation that 
overexpression of wild-type MetAP2 can almost completely complement the slow-growth 
phenotype of the maplA strain. Colonies of maplA transformed with MetAP2 (H174A) 
were observed on both glucose and galactose plates (Fig. 3, H174A). Colonies of 
maplA with vector only, however, were larger than colonies of maplA overexpressing 
MetAP2 (H174A) on galactose (Fig. 3B, H174A & vector). A growth rate assay 
confirmed that the doubling time of maplA overexpressing MetAP2 (H174A) under GAL1 
(9.3 ± 0.6 hrs) is greater than the doubling time of maplA alone (6.0 ± 0.5 hrs) (Figure 4). 
Thus, these findings indicate that overexpression of H174A-MetAP1 under GAL1 inhibits 
the growth rate of map 7 A. 

Yeast MetAP2 H174A requires its N-terminal domain for maintenance of the 
dominant negative effect - We previously proposed that the polylysine block of yeast 
MetAP2 mediates the presumed ribosome association of MetAP2 (Li and Chang, 1995). 
Thus, if ribosome association is required for MetAP2 (H174A) to interfere with wild-type 
MetAP2 function, it is expected that removal of the polylysine block will preclude the 
MetAP2 (H174A) dominant negative phenotype in maplA. 

Codons for residues 2-57, which comprises the N-terminal polylysine block, were 
removed from map2 (H174A) by PCR-mediated mutagenesis. The truncated mutant 
MetAP2 (A2-57 / H174A) was then expressed in maplA under the GAL1 promoter to 
assess its effect on map 7 A growth. 

maplA strains expressing truncated MetAP2 (A2-57 / H174A) grew at the same 
rate and generated colonies that were the same size as map 7 A with vector alone (Figure 
4; Fig. 5B, V & A2-57). This is in contrast to the smaller colonies of map 7A expressing 
full length MetAP2 (H174A) (Fig. 5B, H174A). The doubling time of MetAP2 (A2-57 / 
H174A) (7.0 ± 0.6 hrs) was also similar to maplA with vector only (6.0 ± 0.5 hrs) (Figure 
4). Thus, these data indicate that MetAP2 (H174A) requires its N-terminal domain for 
maintenance of the dominant negative effect in maplA. 
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The steady state levels of each MetAP2 construct are similar - The steady state 
level of each MetAP2 construct was determined. Wild-type, H174A, and truncated 
H174A were expressed at similar levels in maplA under the GAL1 promoter (Fig. 6). A 
smaller fragment was observed with MetAP2 (H174A) that was not observed with wild- 
type MetAP2'(Fig. 6, lanes 1 & 3). A similar, less obvious fragment of approximately the 
same size is observed when wild-type MetAP2 is expressed in map2A under the GPD 
promoter (unpublished observation). 

Overexpression of MetAP2 (H174A) has little effect on map2A growth - We have 
reported evidence that a dominant negative mutant of yeast MetAPI (D219N) interferes 
with wild-type MetAP2 function (Klinkenberg, 1997). To determine if MetAP2 (H174A) 
interferes with the function of wild-type MetAPI in a reciprocal manner, MetAP2 (H174A) 
was overexpressed under the strong GPD promoter in a map2A strain (Klinkenberg, 
1997) (only MetAPI is expressed). 

Colonies of map2A overexpressing MetAP2 (H174A) were similar in size to 
map2A with vector alone (Fig. 7, H174A & V). Colonies of map2A overexpressing wild- 
type MetAP2 were also similar to map2A with vector alone (Fig. 7, WT & V). These 
results indicate that overexpression of wild-type or MetAP2 (H174A) in map2A under the 
GPD promoter does not affect the growth of map2A. Thus, these findings suggest that 
MetAP2 (H174A) does not interfere with wild-type MetAPI function. 

Example 2: Production of human Dominant Negative MetAP2 

Generation of recombinant virus. 

The open reading frame of the human MAP2 cDNA, which encodes human 
MetAP2, was subcloned into the pcDNA3.1 vector in a sense or anti-sense orientation, 
thus placing the gene under the control of a CMV promoter (Figure 8). The recombinant 
transfer vector was then constructed as follows: 

The following two oligonucleotide primers were used to amplify a DNA fragment 
from pcDNA3.1-hMAP2.: 

5 ' -CAC ACT CGA CCG CGA TGT ACT ACT ACT ACT ACT ACT ACT ACT 
ACT ACG GGC CAG ATA TAC GCG -3 1 (SEQ ID NO:25) 
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5' -CAC AGA ATT CCC CGC ATC CCC AGC ATG CCT GCT ATT G- 3' 
(SEQ ID NO:26) 

The resultant fragment included the CMV promoter, hMAP2 open reading frame 
(sense), and polyA signal sequence. Two unique restriction sites, Xhol and Hind III, were 
introduced at the 5'-end and 3*-end of the PCR product, respectively. This PCR product 
was then inserted into the corresponding sites in the pQBI-AdBN vector (Figure 9). 

Generation of recombinant virus - 

Sub-confluent QBI-293A cells were co-transfected with 5 j^g of QBI-viral DNA and 
5 jag of linearized transfer plasmid containing the sense hMAP2 cDNA in a 60 mm petri 
dish using the standard calcium phosphate technique. ~ 50 plaques, with > 45% being 
recombinant virus were obtained. As a positive control, 0.5 \xg of QBI-Transfer + with 10 
\xg of QBI-carrier DNA was also used for transfection. About 150 plaques were obtained. 

Screening, purification, amplification, andtitering of adenovirus recombinants: 

Recombinant plaques were identified by PCR using the same primers described 
above. In short, 20 plaques were analyzed for each construct. PCR was performed with 
30 cycles of amplification using Taq polymerase and about 4 jul of viral stock without any 
extraction procedure. After the first screening, five (5) plaques were purified and three (3) 
clones were selected that produced the strongest PCR signal for further analysis. 

Next, the recombinant adenovirus was amplified, and the titer of each clone was 
determined as described in the manufacturer's protocols (QBI, Canada). Viral stocks 
were stored for the following experiments. The recombinant virus containing the hMAP2 
cDNA is designated as AdhMAP2. 

Generation of recombinant mutant virus: 

The recombinant transfer vector containing mutated hMAP2 cDNA was 
constructed as follows. The recombinant transfer vector AdBN-WW>4P2 (HA-tagged) was 
used and His 231 was mutated to Ala by site-directed mutagenesis. This linearized 
recombinant transfer vector was then used to cotransfect the QBI-293 cells with QBI-viral 
DNA by the same procedures as described above. The recombinant virus was 
screened, purified, characterized, and used to examine the correlation between the 
expression level of the dominant negative MetAP2 mutant and cell growth. 
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Example 3: Effect of dnvMetAP2 on Human Vascular Endothelial Cells 

The expression level of the HA-tagged MetAP2 (H231A) was tested in human 
umbilical vascular endothelial ("HUVE") cells infected with AdMAP2 (H231A) at a 
multiplicity of infection ("MOI") = 0.2 -20.0. At 2 days after viral infection, 50 pL of culture 
was harvested. One part of the harvested culture was used for cell proliferation assays 
according to manufacturer's procedures, which are incorporated herein by reference 
(Cell Counting kit-8, Dojindo Molecular Technologies, Inc, MD). According to Table 1 
and Figure 10, the rate of proliferation of HUVE cells that were transfected with an 
adenovirus vector comprising a human dnvMetAP2 gene JAdhMAP2(H231A)] was 
reduced 66% of the rate of control HUVE cells transfected with either an empty 
adenovirus vector [AdBN(-hMAP2)] or an adenovirus vector comprising the wild-type 
human MetAP2 gene (AdhMAP2). These results unequivocally demonstrate that 
dnvMetAP2 blocks h uman ce ll pr olifera tion, especi ally en dothe[jaLQeJLP[oljfgration, which 
is a necessary^stepT in angiogei^sis^ These results further demonstrate the 
effectiveness of the adenoviral gene delivery system in administering dnvMetAP2 to 
vascular endothelial cells. 



Table 1: Relative proliferation rate (%) of HUVECS transfected with increasing amounts 



of adenoviral vectors compared to non-transfected HUVECS. 




M.O.I. 


AdBN (-hMAP2) 


AdhMAP2 


VAdhMAP2 (H231A) 


0.2 


100 


100 


100 


0.4 


100 


100 


99 


0.6 


100 


99 


95 


2.0 


100 


99 


89 


4.0 


99 


99 
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To demonstrate expression of the MetAP2 and dnvMetAP2 proteins, another part 
of the harvested culture was analyzed by SDS/PAGE, transferred to nitrocellulose 
membrane, and then blotted with anti-HA monoclonal antibodies followed by incubation 
with secondary anti-mouse IgG-horseradish peroxidase conjugate. The signal is 
detected by enhanced chemiluminescence, according to manufacturer's instructions 
(Amersham). Endothelial cells infected with AdhMAP2(wt) virus at the same MOI value 
are used as a control. Figure 11A depicts the developed western blot, showing 
expression of both wild-type human MetAP2 (lane b) and human dnvMetAP2 (lane c). 
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All references cited in this specification, including patents and publications, are 
hereby incorporated by reference. The discussion of references herein is intended 
merely to summarize the assertions made by their authors and no admission is made 
that any reference constitutes prior art. Applicants reserve the right to challenge the 
accuracy and pertinence of the cited references. 



